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Form Factor and Stability of API Bullet T80 Fired From Shortened Caliber 0.60 LT

Barrels ' (None)
Hitehcock, H. P.
Aberdeen Proving Ground, Ballistic Research Lab., Md, MR~456
(Same)
(Same)
RMarch 447 Confd'l U.S. Eng. 8 tables

The effects of shortening the barrel of the caliber 0.80 machine gun for use in aircraft was investigated,
and consideration was given to the ballistics of the API Bullet T 30 fired from two 0.60 cal. Mann barrels
shortened from 60 in. to 25.6 and 33.1 in. The principal ballistic effects of shortening the barrel are a
recuction of muzzie velocity, a slight increase of formfactor, and a decrease of stability factor. If the
API Bullet T39 were fired from one of the short barrels aimed forward in an airplane flying at sea level
with an atrspeed of 600 mph, it would be unstable. However, this objection could be overcome by incteas-
ing the twist of the rifling, and 2 25.5 in. barrel with a pitch of 15.4 in, or a 33.1 in. barrel with a pitch

of 18.5 in. would produce the same stability factor at sea level with 600 mph airspeed as a 60 in, barrel
with a pitch of 16 in.

Ceples of this report obtainable from Alr Documents Division; Attn: MCIDXD

Ordnance and Armament (22) Ballistics, Interior (15600); Machine
Guns (2) guns - Performance (57198)
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FORM FACTOR ANI oT4AbIILY OF AFI BUL T T29 FIRED |
FROM SHORTENKED CALIBER 2.60 BAKRRLE

]
abstract

The API Bullet T39 was fired {ror tvo calsber 0,60 kann barrels '
she tened from 60 inchea to 25.6 and 33.1 inches, The raion wallistice
effects are indicated by the folloving table,

Length Muzzle Form Stability Facter
of Velocity TFactor Hornal With 600 mph
Barrel Head Wind at
in, fps iy Sea Level
€0 2550 1.26 1.79 1.15
33.1 3090 1.27 1.61 0.97
25 .6 2820 1.31 1.45 C.84
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L. ObJrCT: 1he effects of =nortenim the barreli orf
the caliber 0.cd mucnine gun for use in uircraft is beling
investigated. Ihe Small wpins pranch of ihe Arms and smauni-
tion bivision has founi tnat ammunition fired at vertical
tergets rrom short barrels is as accurate as from u standard
lengtn barrel. The Oruanance bhngineering Laborutory of the
wallistic Researcn Laboratories is .reparing to test the .
muzzle blast with short bsrrelis. inis re:ort is concerned
with the beliistics of bullets fired from the snort barrels.

2. GUNE: 1he normal caliver 0.00 Mann purrel is 60
inches long and is rifled with & pitch of 12 luches., In tals
test, two barrels .ere used:

25.6 inches long,
*2.1 incnes long.

Since these barrels were too cnort to fit in the Frankford
Arsenal Machine lest, the .Jacniine . hop {itted sieeves over
the muzzies, extenuing « few iaches beyond ithe muz:zle face.

3. AMMUNITION: Some caliber 0.60 asrmor-piercing
incendiary Gartridges I29 were tuken from P4 lot 10. {fome
similar cartridges of other lots nuave previcuscly been fired '
for time of flignt from 6J-inch mann sarrel No. 300 «~itn a
17-inch pitch of rifiing®, and for yaw from od-incii notched
Mann Larrei Ho. <0 withh en 18-inch pitch.? ‘The physical
characteristics of the 129 buliet are:

keibhn (standard) 1140 grains
Center of gravity to base i SR

axilal moment of inertic 47.9 cr.in?
Transverse moment of ilertia 490.1 gr.in?

4. TIME-OF-FLIGHT FLRINGS: The time-of-flignt firings
were conducted at Michaelsvillie on 14 February 1947.5 The
velocity 738 feet from the muzzle was measured by an electronic
counter connected to two photo-electric screens. The time
of flight was measured by unother electronic counter con-
nected to the first photo-electric screen wid o wire mesh
screen at a range of 1000 yurds. The form factors were
computed from the velocities und times of rflight (sce Iuble I).

5. FOIM FACIORL: The velocities, of course, are lower

tnun those oblalneuw wilih tas 0J=incn oul'res; tue form tuctors
are ciiontly higner,® The aversge veldes are shown here:
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Length of barrel in, 25.6 23.1 60 ;
Instrumental velocity {ps 2788 3053 - 1
hvg.velocity over rwnge fps 2202 2452 -
Muzzle velocity fps 25272 3088 2550 ‘
Form factor i7 1.314 1.272 1.26
Ballistic coefflcient Coy YA . 356 <358

Retardation coef.(at MV) per ft. .029,160 .000,146 -

6. YAW FIRINGS: ‘he yaw firings were conducted at, the
Small Arms Range on 12 February 1947.° Five rounds were
fired from each barrei thru 15 photographic paper screens,
which were placed at 5-foot intervals in each of three groups:

10 to 35 feet,
90 to 115 feet,
175 to 200 feet.

[ ——

7. YAW: The first maximum yaw varied from O .to 10 ;
degrees (see Table II). The maximum yaw damped rapidlys: -
in the last group of screens, the largest yaw was 6 degrees.
The minimum yaw varied from 0 to 1.2 degrees.

8. PRECESSION: The rate of precession calculated from
the moments of inertia and the pltch of rifling is 0.06516
semi-revolution per foot. On all rounds with yaws greater
than 2 degrees, the observed orientations were in good
agreement with this rate.

9. STABILITY: The stability factors c¢f the bullets
fired from these short barrels at muzzle velocities of 2820
and 3090 feet per second (Tgble III) are less than that of .
the bullets fired from a 60-inch barrel at 3550 feet per second.
The average values of the stability factor and the corresponding
moment coefflcient and period of yaw are as follows:

Length of barrel in. 25.6 33.1 60
Stability factor:

Normal 1.450 1.606 1.79

Jith 600 mph head wing

at sea level 0.84 0.97 1.15
Moment coefficient KM 1.50 1.35 1.59
Period (normal) ft 7.5 25.0 23.1

-3~ CONFIDENTIAL




CONFIDENTIAL

10. CONCLUSION: 1lne principal ballistic effects of
shortening the caliber 0.60 barrel are & reduction of muzzle
velocity, a slignt increase of form factor, and u decrease
of stabllity factor. If the APT bullet T39 were fired from
one of the short barrels aimed forward in an airplane flying
at sea ievel with an zir speed of 600 miles per nour, it
would be unstable, Howevsr, this objection could be overcome
by increasing the twist of riflings: a« 25.6-inch barrel with
a pitch of 15.4 inches, or a 33.l-inch barrel ~ith a pitch
of 16.5 inchnes would produce the same stability factor at
sea level with a 600-nile-per-hour air speed as a 60-inch
barrel with a pitch of 18 inches.

: }"’f 4"". - . "I"'ﬂ'.
%/&,/A}ggﬁﬁ.,ﬁﬁ%y
H. P. Hitchcock
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Telosilies, Timer of V10U v, cnd Yorrm uoLovn
Jal .70 Vorw Borrels £ - 7 (26,7 Lleng) nd O = 3 (00010 lowe)
Pired atv 7 lchielsville i Febh 47

1140 - ;v ATT Selled T39

Tuzzle to 1at T, ). morocn 2540 £t
lec %o 2nd Fole ciresn 100,70 It
1st P, screen to wire mesh screen 207243 £
' arrel] Round | Air Air fange | Velocity Tiwe of | Ball. | Form
! Terip. | Density | "ind Plight= | Soel. | ractor
y"_"ﬁmmm.hhﬁ 1. .. & . AR, S DA
P Koo Woe T ratioc fpe f'ps sec G ig
é € -2 ? 3 48 14045 - 1C.2 } 2800 1.3884%9 § 43519 3 1.23¢
) i 4 48 1,045 - 10.2 | 2770 1,42005 | .5410 | 1.327
; i £ '4s 1,045 I = 10.2 | 2772 1,41347 | 3452 § 1,310
: T i 4o 1,045 - 152 1 2737 1.40919 ¢ 3417 | 1.324
! | ¢ 28 | 1,045 | -10,2 | 2724 1.41354 | ,3508 | 1,351
L9 43 1 1,045 - 1C.2 | 2798 1.39246 | .3499 | 1.29%
;10 48 1.045 - 10.2 | 2786 1.40865 | 3420 | 1.320
11 43 1,045 - 10,2 | 2800 1.393564 ; L0481 § 1,200
I 48 { L.045 i~ 10,2 ' 2507 1,32829 $O41E 1.325
| 13 48 l 1,045 | - 10.2 | 2777 | 1.41426 | 3423 § 1.822
Mean 2788 1.314
P.l. of mean =003
el rsiains o
3 =3y 16 49 | 1,043 - 10,1 | 3070 1,25024 | #3515 [ 1,°av7
| 17 49 1,043 - 11.3 | 3040 1.25949 | 3564 | 1,269
1 20 49 1,043 - 15,1 ; 3054 12565675 | ,3546 | 1,276
21 49 1,043 - 11,3 | 3034 1.26597 | 3520  1.20%
22 49 1,043 ~ 11.4 | 3053 1,28029 | ,353. Lo279
23 49 1,043 - 19,9 | 3058 1.25016 1 ,389° 1,250
3% A0 1,043 - 17.1 ; 3092 1.23590 | ,357¢ 1,208
25 49 1,043 - 19,9 | 3035 1.2638¢% 235684  l.2zab
26 49 1.043 - 14,5 + 2037 1.,28093 | 3671 1 .20%
27 49 1,043 - 15,0 { 3080 1.25183 | 48560  1,07L
e SR L & NN S | S A S| S ™
r
Liean 5053 S
Pelo of mean Nale)
* Trom lst P.E. soreen to wire mesh screon. :
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